RAYel- AR

A 7 9 2003-3-14

- Alkaline Single Cell Gel Electrophoresis (Comet Assay) 2t

AHAEHS 0| &St 2-Bromopropanell S SMHA P2



2 oA At

1770 AT AT HERIAR AFFY.

-

PSS

¢}
20024 124 31

2002

=

HIME

=2

A7

Ho
Ho



xﬂ 1 Jg- }\1 T tiiiittteeteruetteeeteetn it it tatetetenenen ettt aeneaen et aeaeaentntteteaenensntnentstetenentnsntetererenenns 1
1 A FHI OB A 1
Al 2 A AT E HEE 7
1, BEBFE-Z rerrrenstsnioninsenssnsinsisiisississssissssssssssssssssss st sss s abase s ass st sasesasasesssasens 7
2. Single Cell Gel Electrophoresis Assay (Comet assay) weeeeemeeesesesees 8
2_1‘ SCGE assay (Comet assay)gl %,:q ........................................................... 8
272. SCGE assayg‘q I:g-lg ........................................................................................ 9
2-9-1. /\]_%L 3 - HH oo]:xﬂj,i__g o]%f‘s& Ho]"jd (171 DILTO) woveerevreereneeseneeesenenns 11
2-92-9 /;D}a‘é%% u}%g_:% O].g-?:s_ HOLHHJ (71 DIDO) weeerermremmssmmsnemsennieniiene 11

Th. AL B T B et 11

14_ l,ioqlg_E =t Ho“ﬂ .................................................................................... 12

Th Z 2 ZFA Q] SEH| v 12

g]_ Shde preparation ..................................................................................... 13

w} LY ST #ereeeesereese st 13

]j]_ Alkah Ul’lWil’ldil’lg and EleCtrOphOfeSiS .............................................. 14

/\].' DNA Staining and Comet Visuahzation ........................................... 14

3 T FEA FEO A Q] BRI F] e e 15
A4, 3 ZFAFEONA L] ZTAA]E] cereererreeirieieie e 16
471. /‘;:] g%% ............................................................................................................ 16
=2, AL B] QI A ettt 16
4-3. 2-BP9] FE ZA W o HFE s 17
474 21—94 l'?__%zj' X‘__jxﬂ (Partial hepatectomy) .................................................. 17
4_5 Z_]_—/\ﬂ::]’i_ E:E_g Xﬂ%} ........................................................................................ 18
4_6 EE_Q/] (?::1]/3}]] 1:;2 _/;\_'_]112— .............................................................................. 18



A 3 A G TGEZ T e 20

1‘ SCGE assay (Comet assay) .............................................................................. 20
1-1-1. 2-BPdl ti &t in vitro @FAMEL] AEE AFSE v 20
1-1-2. 2-BPel 93 in vitro A E ol A& DNA &2 e 21

1-2. 2-BP°l 93} in vivo "} Z7] ol A 2] DNA SA) coeerermemeenennnnnnnn 25
1-2-1. ZFAMEO A1 L] DNA LA st 25
1-2-2. ZFAIZ O A 2] DNA S2AF ot 30

2. s FEAFOA] L] A GHFH] I 35

3. B F ZFAEA AL AT G HE e 36

3_1 %%g %g—iﬁ .............................................................................................. 36

3-2. ZFAE O A 2] A B G HEH] IZ it 38

A 4 A TL F e 40
A 5 T B s 48



12002 1¥ 1¢ - 2002 129 31

2. A7

T

B
oH
;e

7A

o

L %

oH
R

B/
AW
_&O

5T A

Aol o

gk

7V 29

|

i

W (in vivo)9]

3]
=

A A

3f

o

=4

7] ol A

A
<

B

R

o

“

b 71 EA A

ksl
pil

SEXE

1t}

|31l AAE I 3

&A

= I

AeEd e A

3 oo

b1 )

S

LER

o
G

%)

tel, <= DNAAH

SIGE

2 B3

3

T X
==

S

<



=
=

gel

3} (harmonization)
(Single cell

1719524y

A

3

s

N

=
&

v
o

Al

Comet assay)9

el A &, Al

2w
A

T
-

o

A Lol A
Al 3}sHE (aliphatic halogenated hydrocarbon)®l 2]

2-bromopropane®l| T

electrophoresis,

5. A&

N

2-bromopropane

HI%a

AEARA AEA

o
-2

£, v

A

W

o, Abgel

)
.

—~
file)

N

o] A €]

S

a2 A

)
=

To
rvze]
_&ﬁ
oj

0

X
w

:[L

&
=

o B3]

7}

al

7

4

o]
)

5

o

oA 2-BPE 1A17F F
=

Ay Ay ZE (tail moment)o] o

hyA
-

A

=]
=

T

ok =
O]:\__

S|
~

ol A uj

J

I3
=

3

=

P
ol A1e] SCGE +

In vitro

-
X

Al

6. ATFMe



EAMR fold +AE dehiglon (p<005) & Z7tol we % g
= el

In vivooll Al 2-BPE &7 U Foldt v~ ZFFA XA SCGEEAS 4

3

s

=

S
g:}(_l
o
°
o
=
32
|o
A

Alet A3p T AT 4ARAIZE Toll A 7 =2 tail

T AT}
In vivool A 2-BpPE E7 T3t np9~ 7hA| ¥ A SCGEEAS 2

AlgE Al FoJAZE 3AIZF oA 7HE =2 tall moment @S YEHRI ST
3AIZE o] 2= DNAFH o] o] Fojx& YER T
In vivooll Al 2-BPE 57 U Fo%k vp-2 M2 AdF vl

= s R vste] AolE yERA St

oj’del Aytel m=w 2-BPe LA B FHEAHE 2adds] fsk]
SCGE #4% (d9 Comet assay)°] 2dAIFdRT ¥ F84 &= 2oz 4
5o, 271 fAsdNdH ez &S Fskddnh B AR

gRASGEe] wF 224 22l hE £ /WY F84L GerhAch



2-Bromopropane, Single Cell Gell Electrophoresis (Comet assay),

micronucleus, partial hepatectomy

_iv_



in vitro®] A

=

=

e, ol

PN
T

B et ®om oo 5w How o W
J = ™Kool o o8 T R
N ooy Ty oo R T
o ~ O oR X i) 0 ~
X ;.|I| o ;.|I| Lt s ==
—_ Q m ﬂw._ X E:r o
HON S — & A w
— mo :.L = 0 — i.._ —_— ,A_._
= B o B o o o o N
X .QI — v — ~o b J
o % 8 M <N N
W oo T _ — © = R,
~ L o 0 ‘IH 1l Oﬁ _XE
0 T il I- X
(s w - B i
o PR — < olo ol
] WMo o MO = )
HH oS P e Y N
o)) 2 R e XK o
B o oy . ~ ol S of jaty
pr— A ~ —
< T L3S e T WO
= oo T T do W o X omw %
q4 ok XV o R o5 oE oo oW oA
- BCI o X N = mu
B Mom g% wow NN °
F oy M 2 P TN o B ooy
— 5 ¥ S W T N I X
—~
o Hm TN o M o= q_mrL =
Moo Ho o BB o o % o M
o= oy R "oy~ %
=]
N (- o =0 ™ ) g =
OE ,mw E..* -A.._ s ~ Wﬁ i 0 — Jl
s — T IS oA
<° ‘OI —_—_ ,ul 0 X m [
° T oo A o T o .
= m "o = o & R '
R @ o e = T oy B 2
T =X X2 X R e s
BEOF g B o ko < 5
oA oo W w5 S
o) X W oT o) LS T
S 3 4+ T T <0
2~ —~ —_— — B = Ot = OHE
5 ©° ey o PR T A 0 Y ™ m w
T < W L T W g
£ N = R -~ =
S . % T G R
C S -

Ab gl

-

1

I}t IARC

°©



d (Benigni, 1990) 7tel

-

o
o=

-

9

98 24}

o

i

i
Njo
X
iy
)

—_L
.

Ny

g o5 &

-

of Mt sk

=13
=

R ol

1%

A

ki3

A7 A7)

LA

Zhelol A A4

=

1574 <]

hd

7te]
A

)

=
=1
PN

Eolx

=
=

o)

=

7t Ze) AN
&)

oA el 234

=

Al 7] ¥ += alkaline single cell gel electrophoresis assay
)

hyA
-

1
Al

k9
i

IR I M

A 71959, alkaline SCGEW, Comet assay)”}t

k)

hyA
-

57 9

o

= A

stet=del o

.

(alkaline A

243

oo
bl

=K

of ol

(Noguchi et al., 1994; Herens et al., 1995)°]

)

ol

puzel

vA
ol
—_

-

-

i

1o=2 d#Hx 9t (Benning et al.,

e
;ﬁﬁ

i)
Bk

in vivod

A

1992).

9o} HEA 7bA A (partial

A3 o]

LN

e w

[<]

okt

SCGE assay (Comet assay)

(mitotic stimulation)S =3l oF

hepatectomy) &

e



S TLE

hy
o

7 A

3

I

g]

microgel electrophoresis WH O &2

3Ft} (Fairbairn et al., 1995). ©]

o

-

o] 7}

Al ZE el

=

R

| ®o v

17" 2 Ostling & Johanson (1984)°]

' SCGE assay+= W

A
T

_7;]

o] ¥

-
1

Dr. Singh (1988)°l <]

5]

d
)

e

—_—

0

_—
)

il

el

1

Il
=

Al

]

7%
a

of A &=

oF

-
X

=

y =

primary Al

-

I 4= At} (Anderson et.

o o] A3tA =4 UV (Gedik et al, 1992),

DNA break

27 8

1

kel
=

=2

st 10° dalton@ 0.1 DNA breakage
o]

of #Ad WALEA T} in vivool Al

o

Zjl
=
JE_T__

i

1=

1

-

Au
7
}

0
yad

F7] stage’} &
o]
A

-
X

=
=

1

of o

= At} (Fairbairn et al., 1995).

T

-

1=

=N

[

shal Al

[€)

2 Baso (Mckelvey-Martin et al, 1993) FA| &A1 #A 1)
Hofof A

87

_]

3

1=

et
Kl

01] sl
SCGE assay 9
%

75
lonizing radiation

al, 1994). o] A&

-
X

)

ot

T 9 in vivodl Al B- wE 5A A7 9]

fsi3
=



rlo
re
-
>
(it
o,
S

£
N
T
i)
-
i
=
o,
o

(Collins et. al., 1995; Fortni et al., 1996; Singh et al., 1990).

Aliphatic  halogenated hydrocarbon & Atd# oA &, A F A
(degreasing agent) 2% 2] AMEHIL A= Aom AAH T=AA 3
A e dEbd eR dd, HAokA &2 AFEE ¥ halogenated

hydrocarbon =Zo| HA@gHo=m FA, ofvbd 2 WAooz ZZEe= Fo

A FE vkt Arjo A v HoldA, kA e WEld Iy o
Bwo] o] FHyo] gt} (Weisburger, 1997; NTP, 1993; Storer et al.,

1995). o]& Harol] oJstd o5 =9 v A 99 22 Fds o
o 7171 flall =2 vbEA Y FHA, AFeud 52 A EH Jdou =549
AHAI 2 =7 3 (biotransformation)®l th.  ©] ] gk halocarbono] A&7 33}
=gl A F 7HA F8 §4&F7F #Holst=dl = glutathione S-transferase
9} cytochrome P-450° ¢]&EstsE €715 AHsAl7E 7 988 st Ao
2 e 2 At} (Ivanetich & Honert, 1981; Blocki et al., 1994).

Tafazoli & (1996)2 halogenated hydrocarbon#2] TF+Zo YA AAH
ghol & F2 o|F AT il wet ol It dY FHREdEddd A
9 FH zol7b dthal H stk o] 52 2 Aol Al 57FA halogenated
hydrocabon®l W&l Als HEXFE o] &3t in vitrod] WHOZ LA EHI}
SCGE assayEs AAlste] ol A& vHludA = + 7[Hol A= t&

endpoint® A3 AR G2 SFFE] FARHE 23] 3]



o SCGE assay’F 23 @ u v FH A dsim wzks BRelS AA ST
2-Bromopropane (2-BP; CAS No. 75-26-3)< halogenated propane &= 2 2]
shibolth. AR A A Freone thA|ZA = AFEE Qo 19959 AASE
Fikel AR F AL A 2-BPE &3 sovent 20000] =EF AW LEZAE
o lelM F473, AARLAT, FAAST R A
el o] £AlE dogl o]F 2-
of, oW AR Aol 9]t 2-BPE 97.4%3%rskal W solvent 52000] 9]
3 A EAY A9 EHoUES WK ew (Kim et al, 1996), 2-BPel
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A Aasol FH S dFoIUeol BaHdv(Park et al, 1997).
2-BP9] fFHd=Adel #stodM = Maeng & Yu (1997)7} Salmonella TA
1007 TA 1535904 mAE EHsdwels doyv, EFFudAEdA 9
AMA o] S do7|A] ki, 28Y wHEFAT dAF HF AEoM LS F

el e ZAow Wkl 3# Ishikawa 5 (2001)2 2-BPE o3l
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np¢-29] 2AkA Ejo} Hl (preimplantation mouse embryo)oll Al A3
FEsd o7 Husdth T3 Li 5 (2001)2 2-BP7F =74 s FHA AHA
FA 74 (spermatogenesis)s A2 A X 9] apoptosisE Yo 7S HskST)
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1. 3tet=4

ATFHPAEZQ  2-bromopropane (CAS No. 75-26-3; Lot No. FGAO01)<
AR HpUbE (Rl Fdeted AbEatR e I #x= 99%elAT. &4
NEzEHAZ AE3 DMSO (Lot No. 100K0141) % corn oil (Lot No.
70K0127) Sigma Chem. Co.ol| Al T3t AF&31STh Comet assays <13k
normal melting agarose®} low melting agarose= Bio-Rad (Richmond, CA)
9} Amresco Co.olA Z+zF 43t th. Mincing o2 Alg&3 HBSSE=
GIBCO (Lot No. 1130187)°l A, Histopaque-1077 Sigma Chem. Co.°l| A
Yote] AREeFAH

A 2R ES 98] HaFHe Z=A1A] A8 EGTA [ethylenebis
(oxyethylenenitrilo) tetraacetic acid]l, HEPES (N-2-hydroxyethylpiperadine-
N'’-2etgabsykfibuc acid), collagenase, trypsin inhibitor 223 ZFAIEZW &)
2 Asle] o g A83 DAPI (4,6-diamino—2-phenylindole dihydro

chloride)5 9] Al ¢F& Sigma Chem. Co.9] AS A}83



2. Single Cell Gel Electrophoresis Assay (COMET assay)

B AT E 93 glkaline (pH>13) SCGE assay S DNA single strand
break, alkali-labile site 2 crosslink®] A8 7+x3}7] 913 Singh 5 (1988)
o] At oz et WS 722 3 in vitro 183 in vivod A
Tol A WA Eo A DNAEAS FXE 5502 Tice et al. (2000)0] Lok
g Rjol whel opef ol o] AAsHit

2-1. SCGE assay (Comet assay)2 ¢

MES 3 ¢to] ZA43F= DNA histone @9 @3} trers] Astxo] A&7
a1l (supercoiled) ®o] Ut} A3k doz Fal A (ysis)S AXH 2
Aol wbad yrbA Ho] MERS AYWA o] DNAE *3tsts 3
(nucleoid) HEJ7} ™, supercoiling®] A E}7} €3} o] open loop T-FZ ©]
FA Ao} ojuf gAY DNAANES] &4 (strand breakage)’} A+ 745
alkali gejol 4 DNA @717 c] Zel5WA DNA 7heto] A2 Felsal &4
o & Hol ME ZEdA HYUA Fxrb HEdn. dRbH SR sensitive
detections 9|3l olF7tH o2 ¥ DNAE F& HFAS AXY old pH 123

oldel A% Al $olg A3 s ol o® DNAMA, A&EY, 9

1%
AV

=]!]
3

A

o2

=

Comet A< S AAst=d= F7HA A7t d9Ha sl=d, A
= AWl DNAANEZ Aol 8= 4% supercoiling )7} €h3ks|al A2}
Ao =33 DNA loop] =0l 9JF-2 w=EH o AVder F5 o

2 olFHEo HY Fx=E HFYH FHE taile] FHHE HIOEZHN  gel



electrophoresise] 2l&] A #A=E = A== dl+= Aoltd. 5 Comet assay
oA A7 tail o]ZA AAHE loopEol™ loope <7} DNA breake =
Helg = Flojth o] delRde DNA &40 B&FE taile] dojrthes d
Lo F7Fel AAINIL tail®] ZHol7t loope] Holo| o& F= AAET= AR
I st W2 DNA S4AENAE dojubr] 48 Edolr F WA
+ DNA ##o] dojt= % DNA A (fragment)E°] A o3 o
SR mE o] o] dHEo] 4=
th ojuf FapgFo] A2 AHAFE oA He o]gstA = Zolw, DNA
break?] 47} S 7Fgtell wgl DNA fragments©] tail £ 202 o] &3t i o]
Zol = @l head®} taile] 2%+ &4 (apoptosis)S WEF Al T}
oo = tail mometzto]l DNASAA LS AAAA7L HdvteE B
(Olive & Barnath, 1995)¢] wz} Hx}e] xS A=ste] Olive tail

momentE 4024 DNAELYAHEE YER AT

Zow HH7HA taile] FAEHE Aol

k|

2-2. SCGE assay®] "9

AT AU IS =o17] f18 = DNAWY Fa4ds
AA #F31, AP (apurinic site)7} w27 EH ¥ 9 ALEE A (Single strand
break)e] @& SdstAI7I8] AZ7F panell A ekl R (Tice et
al., 2000)%1 Akaline Single Cell Gell Electrophoresis W< 3l &3}

(Figure 1).
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| |

STAINING LYSIS
NEUTRALIZATION ALKALI UNWINDING
\ (pH>13, 20min)
ELECTROPHORESIS

(25V/cm, 300mA, pH>13)

Figure 1. Schematic representation of critial steps in alkaline (pH>13)

SCGE assay
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In vitro®] 2d& s AL EFAEE )

Adown, 2-BPe AHEwxEE <ouAds F& 001, 0.05 01, 0.25 05, 1.0, 25
mM=Z 3tAH. T ZAE 9k &ujef SAAHEEZ-S Dimethyl sulfoxide
(DMSO)E Ar&etth. =3 4 dixEd=2Z=  2000M 5% hydrogen
peroxide (H:00)E o] &

A7 gele] Ao A sy A FHol AP AP 30 wet
10%°] FBS7F 3%l RPMI 1640 wiA] 465 peoll == ZA|g 2-BP 5
Ae AHeste]l F volume 500 w7F = A & F COp vl F7]el A 1A17F vl &3
owx delgz o 2-BPE ==AAHY. Hige]l &Y F 110 wel A2
Histopaque 10775 Z}zhe] wjFRFHE updke] AA3] o] 2000xge] £E& 5
Aste] A2 FrA &3 o

ES
S FBSE *3%3x &S RPMI 164002 2 FAgto 24 Comet assay<

AgdsE2 7739 54 WA A& (specific pathogen free, SPF)<]
A9l ICR wl-5-225 vlo] A .ed) 2 (F)oll A =% o} barrier system®] %

g sEAdA 153 £3tAZ & AAsta s 53 TS AHESES
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AF s

-

, RTEC (NIOSH, 2000)¢] #A&5& zx=
12552 2500 mg/kg bw.E ¥

1,250 mg/kg b.w., AF =T 625 mg/kg b.w. o2 &}

ok

=

ol

ojn

T2A S FATH

l
=

=
T

Fol g

i

1t

=+ 0 23 cyclophosphamide 44]

oAl 7+E 3, 8, 24, 48

Fol Imle] FAF7]

S

A2

TEO UHES
W7zt (4T) mincing &9 (Hank's

Saline sol., 20 mM EDTA, 10% DMSO%$H)2 & perfusion A7

st

<M
)

—_
"o

Buffered

, =TAIEE 1 mlY
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mincing &< 1 ml&

SRoz oA MAHS g 5t 5o T MEE 7hek ¢ks T
2}. Slide preparation

Comet assayS 93] 52 35 Ao WA 73Le F4 slide glassE of
2 AL Ao 1% normal melting agar (NMA)o| ©2kth7F Aol Z£eo]
W9l agaroses A AL HAGE 3o Fol AFA|A slideboxol] H 33}
of TR SrolA wE FHjste] & A ES FFAE AE A

A5 dS 73k 3k A AS M ESEN 5-10 woll 37°C water bathol A W%

I

05% LMPA (low melting-point agarose) 75 wWE ¥il 42 ZAS NMA
coating A7l slide glass §ol FA3a cover glass (24 x 50 mm)= Yo

Axds 3 o Y 4T)e 9o 1023 =3

vl Lysis

Cover glassE A A3t 05% LPMAS HA 3t thA] cover glassES 9
of Yo 1087 =3t} cover glassE A Ast wg] ZAsa d3F B

Il
o FA9 lysis £ (25 M NaCl + 100 mM EDTA + 10 mM Trizma

base)ol slide glassE Y1l WS XA AA 1A 7FoO] A lysis Al F T
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v}, Alkali Unwinding and Electrophoresis

Lysis7} £ 329 92 detergento} salts A AsH7] & Tris=
A 33 MAHE dr]gErlel gtk pH 139 #7958 S8
(300 mM NaOH + 1 mM EDTA)E slide glass7t #71%% 3}ed DNA
unwinding¥} alkali-labile damage”’} =&V EE 2087F Wxet9dth. thA] 20
B2 25V, 300 mAe] 2Hdo® H7|9EE AAE F neutralization buffer
(04 M Tris, pH 752 3#& &dtol=E 5314 3WH Al st W2 100%

o k2 (-20Ceo] ®)o] w7 couplin jarel] 557+ &<=38le] F7] A=xsc}.

AF. DNA staining and Comet visualization

DNA &3A4=Es 7HA38keh7] flete] d3=72 (ethidium bromide, 10x
stock solution : 20 pg/mh=E GA3 DNAES FFdv|doz 20-40vf &= &
23t 3k SCGEAEE A #3slelr] 984 = Komet analysis system 4.0
(Kinetic Imaging, Ltd., Liverpool, UK)= CCD camera®l] 1743}¢] migrated
H DNAS® %<} migration lengthE =743ttt o] AZEY o] Z2ad1o02
Olive tail moment (Olive & Banath, 1993)& A4tgo 23 DNA &AALEE
et o 2t w3 in vitro 2@ A= 60719 AEE, in vivo A

ol A 100719 MExE dogde=z g B89 (Figure 2).
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Nuclear |« ‘
Distance [~

Tail Length

Figure 2. The definition of parameter of comet assay in Komet 4.0 analyzer.
A+B = DNA migration

Olive Tail Moment = Tail Distance x %DNA in Tail
Tail Distance = Center position of tail - Center position of head

3. vhg BRAEN A AN Y

00070 8] Tt Aol 23s 7z vl Ad e W=
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Hkol harrier
[e}

Ap7E HAad =5

1o

3

Ay

Fof Al
HA 270 mg/kg), 200 mg/kg, 400 mg/kg, 800

°

] F-A%5 % (specific pathogen free, SPF)¢]
H} o]

=

%
=

=

hya
ar

Ry

A

% ~T-
A]

Tl

1

AA -

o
1,600 mg/kg

ERE]

FA T
=i}
=

79l Sprague-Dawley 7 317
AL
mg/kg

)l

1
R

!
<

35-60%,
b), £ 150 - 300 Lux® 12A]%t

o
H

o
1=

9 ~ -11 mmAq (

HOo _
= =

11-12/A17}, <t

0

—

el
ool
<

Go71 el

7]

N
il

1|
E

N

o)
oy
o

=z}

o] 7} w2 A dojuh= = (Tates, 1980), 3-4%

(partial hepatectomy)3}d S2]& A
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Figure 3. The experimental schedule for rat liver micronucleus assay
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5. BAH 4

SCGE assayol A9 A4 42 98lA in vitroel AdolA = v vt
ZAbel in vivod AS-= 7 9 SEF A SAAGGeH, dx

@3 Folite] DNAEAAES Aol% EAHon ARar] st

e

SPSS 100 =z 1385 o8 Kruskal-Wallis ANOVAF4 2 Mann-Whitney
Rank Sum TestE 2 A8} Th

=AIE B A e AR QlojA ST 2-BP
o zfole digk FoAd HAHL ANOVARA % Duncan® tsHaE

At

(i
s
i

>
ol
20
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A 37

1. SCGE assay (Comet assay)

1-1-1. 2-BP°l W3} in vitro S7+A1 %2 A

In vitrool A ¢] DNAZ&ANS

IANZE FofAr] Fof

S &3¢9 +=d Figure 33

TE wE

<

#], SCGE
2t (Figure 4).

A 7723

A7) 9% sxs AAsr] ske] 2-BP

oy &A%

2ok

. 10 mMo] /39
Bl e 25 mMoll A MEAESE oF 70%,

E #42 5% DNA &4 42 9% Hus=
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Figure 4. Cell wviability of the blood cells treated with various
concentrations in vitro

1-1-2. 2-BPoll &3t in vitro Aol A 9] DNALE%A

33)ol A vbE A A% in vitroo] A&l dolA, 0.01, 0.05 0.1, 0.25, 0.5,
1.0, 25 mM9 TE2 2-BPE u]F A ¥ 1A =FA17 AEo AA

FH DNA+=AAEE Table 1 2 Figure 59F 29kt

=)

SA x4 FAE Olive tail momentd & HS 0.77 + 0.120]4
o YHRREAZ AFEF 200 uMe] H:0.2 Foldh Adito] PAH tail

51 + 0.8302 SAUZT vl DNALAN A=Y 4

H

8
(@]
8
D
=1
Lo
o,
=l
rlo
o
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Table 1. DNA migration (mean tail moment) in human blood cells after 1 hour
treatment with 2-BP in vitro.

Concentration of Mean tail moment (a.u.) Grand Mean Tail
2-BP (mM) | 1gt culture 2nd culture 3rd culture Moment + SD
0 0.77 0.80 1.00 077 = 0.12
0.01 1.83 1.78 2.06 1.83 = 0.15%
0.05 1.86 2.27 2.00 1.86 = 0.20%
0.10 2.09 2.51 2.08 2.09 + 0.25%
0.25 3.04 3.00 3.42 3.04 + 0.23%
0.50 4.22 4.21 474 4.22 + 0.30%
1.00 4.32 3.96 476 4.32 + 0.40%
2.50 8.65 8.33 9.31 8.65 + 0.50%*
HzO2 (200 uM) 6.46 4.97 511 551 + 0.83%x

*  p<0.05 significant difference between treated and untreated groups

Kruskal-Wallis ANOVA.

sk p<0.05, Mann-whitney Rank Sum Test

a.u., arbitrary unit
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Figure 5. Dose-dependent increase in levels of DNA damage induced
by 1-hour treatment of 2-BP
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Figure 6. Digitized comet images taken from microscopic images of human
blood cells
(A) untreated showing no DNA damage
(B-C) treated with 2-BP showing DNA damage
(D) treated with 2-BP showing separation of head and tail
by the cytotoxicity
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1-2. 2-BPell 93t in vivo v} 7)o A 2] DNALE

1-2-1. =F A x4 DNA &4

A EE= Table 2, Figure 7% 83 #gkt}. &

.?4
A Z7ol A 2] mean tail moment ko] 148 + 0.22¢1 Ao Hls] YAANWZEE
8

A2l cyclophosphamide (CYP)E 4A]3F T3k wlg-29] ZFFA XA 867 +
0879 & HYo=zH Ao A=A E g0 + AU
Zh FRaAE TN e AdE AuEW, BE FRdAe] o)A

o] A1 7F 4841 7F ol A 7 =2 tail moment S YFEFU O] 625 mg/kg ol
2-BPE Folek Aol dojAE 706 + 1.17, 1,250 mg/kgel Aol
891 + 286, 2500 mg/kgel AFelA= 1022 £ 1.64° e HERHATH
Zh TR GAEE AuEd BE AL 7 oA FRe mE 4 vkSAS
el A& & = A (Figure 7 & 8).

gk ZF Ao A9 tail moment 3k ¥EE AHEW Figure 99 2%k
oA 7 AP 02 tail momente] kol i

0 m =
:'T" “E'”Eﬂoi 3/1%% @1'?_% ‘/F )»J\)v\q' (Flgure 9)
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Table 2. Mean tail moment values of DNA isolated from bone marrow of mice
treated with 2-BP (100 cells per organ, five animals per dose group)

Chemical ' '
Treatment time (h) Mean tail moment + SD
(mg/kg)
Negative control 0 148 + 099
3 289 + 0.31*
8 437 + .83
2-BP
625 meg/kg 24 6.87 + 2.37:
48 706 + 1.17%
72 3.69 + 0.69%x
3 521 + 1.20%
8 410 £ 0.56%*
2-BP
1,250 mg/kg 24 479 + 063
48 891 + 2.86%
72 459 + 0.96%
3 541 + 0.98%
8 492 + (0.87*x%
2-BP
2,500 mg/kg 24 584 + 1.92
48 1022 + 1.64%
72 4.85 + 0.49%x
CYP
25 mg/kg 4 867 + 0.87wwx

* p<0.05, Kruskal-Wallis One Way ANOVA
#x  p<0.05, All Pairwise Muliple Comparison Procedure (Dunnett’s Method)

sk p<0.01, Mann-whitney Rank Sum t-test
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Sampling Time

Figure 7. Changes of taill moment values with sampling time in bone
marrow cells of the mice treated with 2-BP
low, 625 mg/kg; med, 1,250 mg/kg; high, 2,500 mg/kg
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Figure 8. Dose-dependency in tail moment of bone marrow cells of mice
treated with 2-BP especially in 3h, 48h and 72 hour treatment

groups
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Figure 9. Representative tail moment distributions of bone marrow cells
after 2-BP treatment
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1-2-2. ZbA| ol A 2] DNA &7

2-BPE H7 o wxd=E 93] Fof 3, 8 24, 48 H T2A17F = A H
g2 ZFA|Eo A e DNA €4 A X Table 3, Figure 10 ¥ 113 7k}
SAANETAA S mean tail moment #2 498 + 1.66°]%ow FAHHEEZ
¢l cyclophosphamide (CYP)E 4A1ZF Fo3k mpg-29] ZFAxo|A 1198 +
0699 #e Bozn ZAEoA el T £k

ZF FRaAE TNt e AE AuEW, BE FRdAel oA
TFAEAA = Eel FofA
LEbe] 625 mg/kgel 2-BPE Fold Aol qlolA= 33.02 = 1.84,
1,250 mg/kge] A@Ttol A= 39.21 2.20, 2,500 mg/kge] ATl =
4440 + 2219 & YEIURIT 7 & dAEE Ao Rd 9o ZAE

[e:

4 =S taill moment S

e
w
>
~
2t
2,
>
N
N
15
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Table 3. Mean tail moment values of DNA isolated from liver of mice
treated with 2-BP (100 cells per organ, five animals per dose

group)
Chemical . .
Treatment time (h) Mean tail moment = SD
(mg/kg)
Negative control 0 498 + 1.66
3 3302 + 1.84%
8 1810 + 2.16%
2-BP
625 mg/kg 24 17.07 + 4.89%
48 1592 + 1.77*
72 1117 + 1.82%
3 3021 + 2.20%
8 19.89 + 3.44%
2-BP
1,250 mg/kg 24 19.80 + 3.02+
48 19.09 + 1.98%
72 1349 + 317+
3 4440 + 2.21%
8 20.63 + 2.89%
2-BP
2,500 meg/kg 4 20.02 + 465+
48 1991 + 3.47*
72 19.63 + 2.73*
CYP
25 mg/ke 4 11.98 + 0.69++

* p<0.05, All Pairwise Muliple Comparison Procedure (Dunnett’s Method)
=k p<0.01, Mann-whitney Rank Sum t-test
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Figure 10. Changes of tail moment values with sampling time in liver cells
of the mice treated with 2-BP
low, 625 mg/kg; med, 1,250 mg/kg; high, 2,500 mg/kg
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Figure 11. Dose-dependency in tail moment of liver of mice treated
with 2-BP in each sampling time

_33_



2-BP, 625 mg/kg 2-BP, 1,250 mg/kg 2-BP, 2,500 mg/kg
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Figure 12. Representative tail moment distributions of liver cells after 2-BP

treatment
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& uw zolE YEhA] 2Urh = 2-BP Folo ot up A E A 9

Table 4. The frequecies of micronucleated polychromatic erythrocytes
induced by 2-BP

Chemical ) MNPCEs/PCEs
Treatment time (h)
(mg/kg) Mean * SD (%)
. 24 012 + 1.66
Negative control A8 021 + 008
2-BP 24 0.19 £ 0.13
625 mg/kg 48 0.22 + 0.04
2-BP 24 0.26 + 0.15
1,250 mg/kg 48 0.24 = 0.06
2-BP 24 0.25 + 0.08
2,500 mg/kg 48 0.25 = 0.06
Positive control
CYP 24 249 + 047+
25 mg.kg

MNPCE, micronucleated polychromatic erythrocytes
PCE, polychromatic erythrocytes
CYP, cycloposphamide
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W Aol A ARERE Sprague-Dawley Al & o] 74 A AT = 2082
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Figure 13. The changes of body weight of 2-BP treated rats before and

after partial hepatectomy (PH)
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with 2-BP
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7hsb7] fleke]l Aol SAWoldsts]  #33]e] A 1w (Japanese
Environmental Mutagen Society, Mammalian Mutagen Study Group)E ©]
IARC Group 1, 2 % 2Boll aldst= Abgell Ao &4 52 A4 2ek&E 4
e vl AAHE S AASA T (Morita et al., 1997). =1 A3} aziridine,
bis(2-chloroethyl) 3} §%, sulfonate 3}§%=, acyl-type N-nitroso 3}§HE,
hydrazinde ¥, aminobiphenyl¥} benzidine A, L8] azo 3}3&E2] A2
RE EHAE ZENEANA LS L5 o4 dialkyldE ] N-nitroso 3H3HE,
silica, #£3}3tE, Wa= amined 2 =24 3JIEY TEEFE AR
U= 549 71 B3tk

H+* Sasaki 5 (1997)2 2447171 Agteo] = AAE il AAHF
o] ofe] H7lelA #HFEE 4 Q& in vivo alkaline single cell gel
electrophoresis (Comet assay)& AF&3 Z-& A|AIgE v} o}k, 252 8714 <
rd &34 (auramine, 2,4-diaminotoluene, p—dichlorobenzene, p—dimethyl
aminoazobenzene, ethylene thiourea, sytrene-7,8-oxide, phenobarbital sodium,
benzene-1,2,3,4,5,6-hexachloride)el W&l w92 571 2437 (1, #, A7,
1, =)ol A 919 B s A&s A3 nhe-2 255 ol &g AlgdA &

Aolde EAEo] benzene-1,2,3,4,5,6-hexachlorideE A3 RE &2 oA
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8, 24, 48 & T2A 7o) F FFMEL AEAA o] vE F
AARoZ frolst AnE vepdddrh. 53] A x4l DNA &4bo] =54
FolA wry HE8e Zols YERNATE EI kA oA e DNAEAS 2-B
Fol 3AIZF Fol b A BEEa, FH FEAEAAM] DNA £

°
=
I
K

p_U

2-BP Fof 48A1F Fol 7} =A #EFAY. o]y A= Sasaki T
(1998)°] 2-BP9} ++%4 A= # <l 1,2-dibromo-3-chloropropane (DBCP)ol

ek Aol tha ARSI = ©o]E2 DBCPel tial o8 :x4747] Aol
3t DNA =745 3A173} 244 3F Foq 3t mhp-2ol M a2k Ay}, ZhA R
- 3AZE Fold wW), efal ZpEAaRe] A 24413 Fol el ARt E A o

2 fo@ AnE mustdrh oEel ANF HrEE wwd e A (100

gy oz #AAT 5 gJddom A A ] tail moment #ko] HA =t
2

71l FUdS do77]% dt} (Potot & Dragan, 1996). =4 3gt&Eo 7t
=42 FGA 2] AAH gAY HAAE P wiel G ST
L3 gt E o] EAo A g2 A {7 (halogen residue)e] 427} Holxi &
& (hemolytic cleavage)e] &o]3 of Hdo] AXA Hrh (Snyder & Andrew,
1996). 2-BPe} +x24 o2 fFAFSH DBCP+ CYP450 2E13 glutathione—S-

transferaseZ %3] DNA-reactive metabolite® 35 o] 2w A x}o] P450 2

_42_



d &A43te %9l 2-bromoacroleine F-HE4 o2

9] glutathione®] 2%+ thAFAQl episulfonium ©]=2 AE7|7ko] Z AWk AlE
S EX Eeta Haxo] td (Brunborg et al, 1996, Holme et al.,
1989; Soderlund et al., 1995). & T84 WA JAdELS 2 F7] S04
glutathione-S-transferase isozyme ZAd°l wzg} t2o= AL oA =,
ol g 7] Ae FZ7F ¥£d 2-BPol Wi E Fdsiota Azt

Ao ® sletE Ao o dojd F U+ FASA VIHdE F ek W
A AR EdHolE oy AY e DNA 357 2Hdo| ¥3s o
st @4 gAgo =z gl ststEde 93] ROS (reactive oxygen
species)’} FE5% o] DNA &A% Zdste= Ao 93ttt 2-BPE Salmonella
TolA EAWolE doy|u FFAFNMNE A NS YEA & g

A ZAA AFME fFuEtE EAd=2 HuEdt (Maeng & Yu, 1997;
Ishikawa et al., 2001). wp&}A 2 AFA}o A} Fo] 2-BPi= HAIXAA 4

HE frsty ek e sx9 2-BPE whg-2o] RS W Ao &

E FoJA 7o) A tail moment Ftol EAIA O R FostA A5 o M LERY
= (A ENA S DNA =42 DNAFEHZALE A E DNAEA S} +5

7175 vHEAAY 2-BPell olaf ROS7F AAdE o= vetd Addts Ve
e A = gl

Tfazoli & (1996)°¢] 1,2-dichloroethylene, 1,1,2-trichloroethane, 1,3-di
chloropropane, 1,2,3-trichloropropane % 1,1,3-trichloropropenes th 0 & 5} o]
At GEZFoNA in vitrod] WHoE 428 {fy SCGEEAS 53 DNA &
4 (DNA single strand break, alkali-labile damage, excision repair siteZ%
S X3S AA Ay AsAlE 9lo] A= 1,2-dichloroethylene, 1,1,2-

trichloroethane, 1,3-dichloropropane, 2 1,1,3-trichloropropene®l| ] 5213 <
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] DNA¢9] alkali-labile site,

Ht} SCGE assay’} H
ol 7IHe SEWHIAE Yol A 2] DNA

3

o
1=

B3 (Maeng & Yu, 1997)
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Single Cell Gell Electrophoresis (SCGE, Comet assay)
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Aol oo thdk Al EWHS o]t 7] Z A ATl =g EA B ool Al
AdS o= g 9ad+Y 425 2221l 9t} (Collins et al., 1997).
Comet 7|99 7|24 7}4S 25 Wol =o5o ghxvk 714 XA ¥ o]

7

rr
rlo

, ©] 7IHoll A B2 = comet tail> DNA2Q supercoiled ¥ Ho] =&

0

[¢

121 A (relaxed loop)S 531H, tailol A2l loop?] 4+ (relative tail intensity)
DNAR A ] & AAjgrh= slo|tt
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AdE =284 @A so] &3 olaE L o AFAE ol w7t &
Q3= o1 E oy (Collins et al, 1997) ¥ 7|¥He] FHoz 2l 1999

1] Washington D.C.9l4 IWGTP (International Working on Genotoxicity
Procedure)oll /1 OECD 7Fo]l=efele] 2 AW S Z=st7| gl i35 et
S0l 93 & Comet assayel st 7ol FAA] &Yt (harmonization)”}
o] Fo] A aL vt (Tice et al., 2000).
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